body of the manuscript. Suggest it is be presented under a subheading 'Aim'. 7. It is hard at first to get a sense of your objectives, or the specific outcomes. Eventually I found them, but suggest it would be clearer for the reader if they were listed earlier and together. 8 .
The meaning of the sentence beginning' 'Two studies that included younger populations…" (page 7) is unclear. As this indicates you modified the inclusion criteria to fit these studies, it's important the rationale is clear to the reader. 9 .
It is right that although you included 'ICU' in some of the search terms, you found no studies conducted in the ICU setting? If so, this is worth commenting on. 10 .
Given that one of the aspects of the studies you examined was their statistical methods, including power calculations (and as this aspect and the limitations you found are discussed in detail later), it would be helpful to include these in Table 2 . 11.
The section headed 'Implications and future research' is helpful and targeted, but would benefit from further editing. I also wondered what 'AI methods and machine learning' referred to, as these ideas seemed to pop up out of nowhere. 12.
At times in the body of the manuscript and especially in the abstract, an overly abbreviated writing style has been used. There are also several missing commas. Suggest a final edit by a collaborator with fresh eyes.
Thanks again for this detailed and rigorous report of your work, and I wish you well with the revision and future research in this area.
REVIEWER
Diether Kramer Steiermärkische Krankenanstaltengesellschaft m.b.H., Austria REVIEW RETURNED 09-Oct-2017
GENERAL COMMENTS
First of all this is a very detailed review on the existing research in this field. Thank you! I have only minor suggestions to (hopefully) improve the quality of your paper.
1. p4: Yow write: … expenditure of $164 billion. Where? Please add a geographical information 2.
I have got the impression, that you have not adressed the problems of under-and overfitting clearly understandable. The EPV concept is a good indicator whether a model is at risk of overfitting or not, but it is only an indicator. To my knowledge the only reliable method to avoid overfitting is having a training/development and a validation and/or test data set. The validation or test data set must not be involved in the training process of the statistical model. Using a stepwise or penalised selection can help not to trap into overfitting during the training process because it reduces the complexity of the model. Anyway, whether a model is "overfitted" or not can only be recognized if the predictive ability is significantly smaller with the validation/test data. On page 18 you are writing: This effect is highlighted in the Carrasco et al.(2014) model as the AUROC decreased from the development study (0.82) [should be 0.86?] to the external validation study (0.78). I think this conclusion is not fair, because when looking at the confidence intervals it can be seen, that these models are not really different from each other. The reduced AUROC could be purely random. In addition, it should be noted that from a confidence interval range between .66 to .90 one can only draw one reliable conclusion: (too) small sample size.
3.
p11: First paragraph: All statistical methods described are logistic regression models and all of them are multivariate/multivariable. Speaking of a binomial logistic regression model means that the outcome variable is binary (e.g. 0/1). Multinomial logistic regression models are addressing multiclass problems; an ordinal regression model is a regression for an ordered dependent variable.
Stepwise is just an "add-on" to select features and can help avoiding overfitting due to too many features. So 28 (unread) is the same as 26, 31, 33, 40. This means: Five studies employed a multivariate logistic model, seven additionaly apllied a stepwise feature selection and one a combinded approach. 4 .
p22 Implications and future research: You suggest (6) to consider AI and machine learning methods. I think you should either mention this already before or at least cite a relevant paper there (e.g. Nr 61 Newman et al)
REVIEWER
Sarah T Pendlebury Centre for Prevention of Stroke and Dementia, Nuffield Department of Clinical Neurosciences, University of Oxford and Departments of Acute Medicine and Geratology, Oxford University Hospitals NHS Trust, UK REVIEW RETURNED 09-Oct-2017
GENERAL COMMENTS
General comments This is an interesting and useful paper reviewing existing delirium prediction models in the older adult patient. The authors have conducted a thorough review and the paper is generally easy to follow. However, in comparing the various studies, the authors should refer to the TRIPOD guidance (Moons et al, Ann Int Med 2015; 162:W1-W73) which in particular highlights the importance of case-mix/generalizability of cohorts in individual studies, method of external validation (narrow vs broad), and the issue of practicality/feasibility of scores. The discussion section regarding statistical methods to produce "better" scores needs some qualification particularly in relation to the above points.
Specific comments 1. Abstract., page 2. There is repetition of the inclusion criteria which should be removed.
2. Abstract, Results, page 3. The differences in case-mix and study population have likely greater impact on measured delirium rates than the methods of identifying it (see later).
3. Abstract, conclusions, page 3. The development of "more robust models" may not be possible because of the limitations of predictive models especially in complex heterogenous patient populations and the need for such models to be pragmatic to be useful (see later).
4. Strengths and limitations, page 3. I do not think that the lack of inclusion of predictive risk factors is a limitation -this was not the focus of the review.
5. Introduction, page 4, last paragraph. It is stated that the aim was to "provide important recommendations on study design for future models". However, if this aim is to be achieved, thought needs to be given regarding generalizability and how models will be used/applied in practice (see later). These factors should therefore be assessed when reviewing available models. The TRIPOD guidance states the importance of the use of a representative sample and whether all consecutive participants have been included since this will determine the generalizability and interpretation of the findings. Some studies (a minority) use a consecutive prospective cohort whereas others use a selected or convenience sample. The case-mix details should therefore be included in the table of included studies and discussed in the text along with other methodological differences of relevance (see later).
10. Results, page 10. In relation to the delirium ascertainment, some studies used the managing clinician/team whereas others used external researchers who were not otherwise involved with the patients and others used nursing staff who would have been changing several times a day. Given that observation over time is helpful in diagnosing delirium, lack of continuity is likely more of an issue than the type (and frequency) of assessment and these issues should be discussed.
11. Results, page 11, top of page. The TRIPOD guidance concerning prognostic models states that there is no accepted power calculation for risk scores although it is suggested that 10 events per candidate variable would be reasonable. This therefore needs clarification here.
12. Results, page 11, variables. It would be useful to briefly list the cognitive tests used in each score (or point the reader to table 2).
13. Results, page 11, variables. The availability of variables at the point of use of the score should be examined. Some scores are derived using variables that would not be available in routine clinical practice or at the point when the score would need to be calculated to inform care.
14. Results, page 11 and 15. List of externally validated models and predictive ability. The delirium susceptibility score should be included as an externally validated score as stated in the original publication (ref 48) , (also in Table 2 and Fig 3) . The score was developed from risk factors reported in the systematic review of the literature in the UK NICE guidelines and was not developed or modified/weighted on the basis of the validation cohort on which it was (externally) validated. The AUC for incident delirium was 0. 
16.
Results. There needs to be a section added on the feasibility/applicability of scores in clinical practice. This is one of the most important factors in the clinical utility of a prognostic score (see TRIPOD). However good the AUC for a given score, it will not be used if it involves lengthy complex assessments or items not easily available in routine practice eg complex functional assessment measures. In addition, if scores are to be used routinely, they must use commonly used assessments eg the AMTS for cognition and not require the user to do a "special" non-standard test. This is particularly important if scores are to be used in non-specialist areas or at first assessment (these issues were extensively considered in ref 48 
GENERAL COMMENTS
This is an excellent manuscript that is already valuable to me and my research. I can't wait to cite it. It is a wonderfully complete systematic review, for which it can serve as an exemplar. The content area and detailed and thoughtful discussion are highly relevant to delirium researchers.
I have only two minor comments:
1. There does not seem to be a need to separate clinically significant from non-clinically significant prediction models based on an arbitrary AUROC of 0.75 cut off. The value of any cutoff is dubious. Whether or not a prediction model is clinically significant may be more directly informed by whether or not the prediction model included commonly clinically available predictors. This is a minor point.
2. In the discussion, penalized regression models and machine learning models are discussed as potential avenues for addressing methodological limitations of existing approaches, but the presentation is separate. These sections might be blended to provide a discussion of likely improvements in a single location within the document.
VERSION 1 -AUTHOR RESPONSE
Editorial Requirements: 1. Strength and limitations section (after the abstract) is presented as a list of full sentences Response: Updated to full sentences. Strengths and Limitations of this Study Strengths of this systematic review include the following: the use of the PRISMA Statement and the CHARMS checklist to develop the protocol, an interprofessional authorship that provides different perspectives on delirium prediction models and a comprehensive search using multiple databases and search terms. This systematic review is limited by the focus on an older population (>60) and did not review models created in younger patients. Further, this review is limited by population focus, we did not include prediction models built in palliative care, long-term care facilities or the emergency department.
Associate Editor: 1.
The only thing I felt it lacked is some discussion on the clinical usefulness. The authors call for more and better models to be developed, but not everyone thinks like that. For example, the authors of a very similar paper focusing on cardiovascular risk prediction tools say that, rather than coming up with more models, efforts should go towards externally validating and doing head to head comparisons of existing models, tailoring / combining some of these models or extending them by adding new predictors: Prediction models for cardiovascular disease risk in the general population: systematic review http://www.bmj.com/content/353/bmj.i2416 Response: The paragraph Implications and future research was updated with the following to address the potential creation of a meta-model with the currently identified delirium prediction models. Pg24: "Two avenues may be pursued for future studies. The first avenue involves model aggregation; currently available delirium prediction models would be combined into a meta-model through stacked regression in a new cohort of participants. This method would update currently published models to a new population, furthering generalizability and bolstering broad external validation.1 Variable definition could be harmonized in the meta-model with the intention to use variables that are readily available and feasible for routine practice. This method would further delirium prediction for those with dementia-level pre-existing cognitive impairment as well as examine the individual contributions of functional impairment due to physical conditions, cognitive impairment or age through model re-fitting. Nonetheless, a future meta-model would continue presently identified limitations such as exclusion of the spectrum of cognition. The second avenue should focus on the development and broad validation of delirium prediction models exploring the use of simple cognitive tests that would be inclusive to mild cognitive impairment and sensitive to the spectrum of cognition. Further, future models should consider development of dynamic predictive models using advanced statistical methods such as Bayesian Networks, artificial intelligence, and machine learning as these methods have shown to improve models built using standard logistic regression.2 3" Reviewer 1: Dr. Annmarie Hosie Thank you for the opportunity to review your manuscript entitled "Systematic Review of Prediction Models for Delirium in the Older Adult Inpatient".
Overall, this is a very well written and reported systematic review with a strong and clear rationale and good attention to detail and congruency between the objective/s, results and conclusions. Response: Thank you for your compliments on the overall manuscript. Your comments were very helpful in improving this manuscript.
However, there are some areas needing attention to improve the clarity of the reporting, and I have some other queries/comments, as follows:
The abstract has some errors of repetition -please check and revise. Response: Removed abstract section titled "eligibility", removed repetition of inclusion/exclusion criteria.
2.
The formatting of dates of the search, with the years provided first, is unusual-why have the dates been presented in this way? Response: We used the international standard date notation, this is the style used by the BMJ. It has been updated to 1st January 1990 to 31st December 2016. 3.
I couldn't find the CHARMS checklist in Appendix A is this referring to the Table title "Review Protocol"? Response: We mistakenly did not upload the CHARMS checklist, this is now part of Appendix A.
4.
What do the acronyms CDC and UN mean? (page 5). Please use full terms first. Response: This has been corrected to read the following: Pg 5: "This review included studies focused on 1) older adult (> 60 years) population, (the U.S. Center for Disease Control and Prevention and United Nations define an older adult as 60 years of age and older)."
5.
I am querying the justification for the decision to exclude studies conducted in palliative care populations (which was, "as these are not generalizable to an inpatient hospital setting"), as in many parts of the world, palliative care units are situated in acute hospitals. Furthermore, patients receiving palliative care are situated in almost every unit in hospitals, especially medical, geriatric and ICU settings. Lastly, of the most commonly used variables in the delirium prediction models, three (i.e. older age, impaired functional status and severe illness) are either always or commonly characteristics of patients receiving palliative care. The exclusion of people receiving palliative care from delirium studies is historically common, but doesn't make a lot of sense when delirium and dying are associated. I doubt there are many DPM studies conducted in this population, but this doesn't justify their exclusion either. Please provide a stronger justification for this particular exclusion. Response: As palliative care delirium has unique challenges, we felt that it would be best addressed with a specific focus in an alternate review. While we agree with your point that patients receiving palliative care are situated in almost every unit in hospital, most palliative care patients are likely admitted as medical or surgical patients and as their prognosis evolves, their status may change to palliative. Further, therapeutic interventions may be different for delirium in palliative care patients as demonstrated by the recent stud published by Hui et al. (2017) reporting that use of a benzodiazepine reduced agitation and increased perceived comfort. This is in opposition to the Pain, Agitation and Delirium guidelines. In the above scenario, this systematic review is inclusive of these patients. We have updated the exclusion language to state the following: Methods Pg5: ..studied a different patient population (i.e. emergency department, skilled nursing facilities, palliative care, and hospice) as these are unique patient populations with characteristics requiring specific foci and are not readily generalizable to a medical or surgical inpatient hospital setting. Further, recommended therapies for treatment of delirium symptoms vary between the populations4 5.
Further, we have added this narrowed population focus to our limitations.
Strengths and Weaknesses of this study Pg24: "… Further, this review is limited by population focus. We did not include prediction models built in palliative care, long-term care facilities, or the emergency department."
6.
The aim is clear in the Review Protocol, but less so in the body of the manuscript. Suggest it is be presented under a sub-heading 'Aim'. Response: We have inserted the subheading "Aim" on page 4. 7.
It is hard at first to get a sense of your objectives, or the specific outcomes. Eventually I found them, but suggest it would be clearer for the reader if they were listed earlier and together. Response: We have inserted the subheading "Outcomes" on page 5. 8.
The meaning of the sentence beginning' 'Two studies that included younger populations…" (page 7) is unclear. As this indicates you modified the inclusion criteria to fit these studies, it's important the rationale is clear to the reader. Response: We further clarified this sentence by the following language: Results Pg 7: The inclusion criteria were modified for two studies that developed models in younger populations, but these models were externally validated in the target population of this review (age > 60).
9.
It is right that although you included 'ICU' in some of the search terms, you found no studies conducted in the ICU setting? If so, this is worth commenting on. Response: We did not identify any studies that focused on adults >60yo and were conducted in the ICU. We added the following to clarify: Results Pg 7: None of the identified studies focused on critical care patients.
10.
Given that one of the aspects of the studies you examined was their statistical methods, including power calculations (and as this aspect and the limitations you found are discussed in detail later), it would be helpful to include these in Table 2 . Response: This information was added to Table 1 , in the 2nd column. We updated Table 1 instead of  Table 2 because one of the development studies reported their power analysis and Table 2 is solely focused on the externally validated models. 11.
The section headed 'Implications and future research' is helpful and targeted, but would benefit from further editing. I also wondered what 'AI methods and machine learning' referred to, as these ideas seemed to pop up out of nowhere. Response 1: Implications and future research has been edited and clarified further. It now reads as follows: Discussion Implications and future research Pg24: "Two avenues may be pursued for future studies. The first avenue involves model aggregation; currently available delirium prediction models would be combined into a meta-model through stacked regression in a new cohort of participants. This method would update currently published models to a new population, furthering generalizability and bolstering broad external validation.1 Variable definition could be harmonized in the meta-model with the intention to use variables that are readily available and feasible for routine practice. This method would further delirium prediction for those with dementia-level pre-existing cognitive impairment as well as examine the individual contributions of functional impairment due to physical conditions, cognitive impairment or age through model re-fitting. Nonetheless, a future meta-model would continue presently identified limitations such as exclusion of the spectrum of cognition. The second avenue should focus on the development and broad validation of delirium prediction models exploring the use of simple cognitive tests that would be inclusive to mild cognitive impairment and sensitive to the spectrum of cognition. Further, future models should consider development of dynamic predictive models using advanced statistical methods such as Bayesian Networks, artificial intelligence, and machine learning as these methods have shown to improve models built using standard logistic regression. 2 3 We suggest the following broad principles for use in future studies: (1) Delirium prediction models should be developed only using data available prior to the onset of delirium and likely should be focused in specific populations depending on whether the precipitating event has occurred or not; (2) should include structured, twice daily assessment (regardless of weekends) using validated tools and trained research staff to identify delirium; (3) include variables and assessments that are readily available in clinical practice and are feasible to administer without extensive training or interpretation where possible and not to exclude a more informative variable; (4) model development and validation should follow rigorous methods outlined by Steyerberg (2009)6 and Steyerberg and Vergouwe (2014)7 including strategies to counter low sample size and overly optimistic model performance, the use of Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) to assess model fit, and consider broad validations to expand case-mix and generalizability; and (5) adhere to strict guidelines as outlined by The TRIPOD Statement for statistical performance reporting including calibration and clinical utility statistics.6-11" Response 2: The authors appreciate this point and the concept of AI methods and machine learning has been introduced earlier in the discussion section, on page 20, the new text is below: Discussion Pg21"Further, future studies may benefit from the incorporation of advanced statistical techniques such as Bayesian Networks and machine learning that have shown to improve the performance of previous prediction models that were built using standard logistic regression.2 12 These methods facilitate the exploration of complex interactions between risk factors as well as adapt to changing patient conditions, allowing for dynamic models."
12.
At times in the body of the manuscript and especially in the abstract, an overly abbreviated writing style has been used. There are also several missing commas. Suggest a final edit by a collaborator with fresh eyes. Response: This was addressed. Reviewer #2: Diether Kramer, Austria First of all this is a very detailed review on the existing research in this field. Thank you! I have only minor suggestions to (hopefully) improve the quality of your paper. Response: Thank you for your review and helpful suggestions which do improve the quality of our paper. 1.
p4: Yow write: … expenditure of $164 billion. Where? Please add a geographical information Response: Geographical information was added. Pg4: Delirium has been independently associated with increased mortality, morbidity in terms of impaired cognition and functional disability along with an estimated annual U.S. expenditure of $152 billion.
2.
I have got the impression, that you have not addressed the problems of under-and overfitting clearly understandable. The EPV concept is a good indicator whether a model is at risk of overfitting or not, but it is only an indicator. To my knowledge the only reliable method to avoid overfitting is having a training/development and a validation and/or test data set. The validation or test data set must not be involved in the training process of the statistical model. Using a stepwise or penalised selection can help not to trap into overfitting during the training process because it reduces the complexity of the model. Anyway, whether a model is "overfitted" or not can only be recognized if the predictive ability is significantly smaller with the validation/test data. On page 18 you are writing: This effect is highlighted in the Carrasco et al.(2014) model as the AUROC decreased from the development study (0.82) [should be 0.86?] to the external validation study (0.78). I think this conclusion is not fair, because when looking at the confidence intervals it can be seen, that these models are not really different from each other. The reduced AUROC could be purely random. In addition, it should be noted that from a confidence interval range between .66 to .90 one can only draw one reliable conclusion: (too) small sample size Response: We appreciate this comment and have further clarified the instability introduced due to insufficient EPV on page 18 in the results section and on page 20 in the discussion section. This text is pasted below. We have removed the sentence "This effect is highlighted in the Carrasco et al.(2014) model as the AUROC decreased from the development study (0.82) [should be 0.86?] to the external validation study (0.78)." as we are in agreement that this likely occurred due to a small sample size. As re-iterated by the CHARMS checklist and experts on predictive modeling (Moons and Steyerberg) we feel it is important to include the reporting and discussion of EPV so future studies can use the recommended strategies to counteract low EPV. Results Pg18:" Events per variable (EPV) were examined in each of the fourteen externally validated models. Models estimating more parameters than events in a 1:10 ratio are at risk of statistical overfitting, potentially leading to overly optimistic model performance. 6 
as well as the use of univariate analyses and stepwise regression to select predictive variables for inclusion into models. Although these are common methods to use for model development and may counter the effects of insufficient EPV, each approach has significant drawbacks.23 Univariate analysis may reduce predictive ability by inclusion of variables that are not independent of each other, and stepwise regression disadvantages include conflation of p-values and a biased estimation of coefficients.6 9 24 29 While EPV was originally adapted to ensure stability in regression covariates, it has been identified as an important component to predictive model stability and reproducibility due to the result of overfitting.9 24 30 Ogundimu et al. (2016) demonstrate this effect by simulating models with EPV of 2, 5, 10, 15, 20, 25 and 50. Stability of models increased as the EPV increased and models including predictors with low population prevalence required >20 EPV. 31 The degree of model overfitting should be assessed through calibration statistics and forms of internal validation such as bootstrapping. Future studies should consider the use of statistical methods to counter low EPV including the application of statistical shrinkage techniques and penalised regression using ridge or lasso regression.6 7 14 24 32 Further, future studies may benefit from the incorporation of advanced statistical techniques such as Bayesian Networks and machine learning that have shown to improve the performance of previous prediction models that were built using standard logistic regression.12 14 These methods facilitate the exploration of complex interactions between risk factors as well as adapt to changing patient conditions, allowing for a dynamic model." 3.
p11:First paragraph: All statistical methods described are logistic regression models and all of them are multivariate/multivariable. Speaking of a binomial logistic regression model means that the outcome variable is binary (e.g. 0/1). Multinomial logistic regression models are addressing multiclass problems; an ordinal regression model is a regression for an ordered dependent variable. Stepwise is just an "add-on" to select features and can help avoiding overfitting due to too many features. 
4.
p22 Implications and future research: You suggest (6) to consider AI and machine learning methods. I think you should either mention this already before or at least cite a relevant paper there (e.g. Nr 61 Newman et al).
Response: Per your suggestion, AI and machine learning are mentioned earlier in the discussion section, on page 21 and relevant papers are cited both on page 21 and 24. Reviewer #3, Dr. Sarah Pendlebury 1.
This is an interesting and useful paper reviewing existing delirium prediction models in the older adult patient. The authors have conducted a thorough review and the paper is generally easy to follow. However, in comparing the various studies, the authors should refer to the TRIPOD guidance (Moons et al, Ann Int Med 2015; 162:W1-W73) which in particular highlights the importance of casemix/generalizability of cohorts in individual studies, method of external validation (narrow vs broad), and the issue of practicality/feasibility of scores. The discussion section regarding statistical methods to produce "better" scores needs some qualification particularly in relation to the above points. Response: The authors appreciate this recommendation and thank the reviewer for the thorough comments. We have referenced the TRIPOD8 9 guidance statement to address methods of external validation, case-mix/generalizability of cohorts in individual studies and practicality/feasibility of scores. Since the TRIPOD guidelines focus on the reporting of research and do not "prescribe" to know how to develop or validate a prediction model. (pg59 statement), we have also referenced the CHARMS checklist to guide this review.
2.
Abstract., page 2. There is repetition of the inclusion criteria which should be removed. Response: Corrected.
3.
Abstract, Results, page 3. The differences in case-mix and study population have likely greater impact on measured delirium rates than the methods of identifying it (see later). Response: Dr. Pendlebury is correct that case-mix is important in predisposition to delirium, but we would argue that diagnosis is key. This comment spurred us to analyze the reported delirium rates per study population. This analysis did not demonstrate a statistical difference in delirium rates between medical, medical/surgical and surgical populations. Nonetheless we have included the importance of case-mix in the discussion section as shown below as we agree that this is likely an important factor. Discussion "Pg 20: While case-mix between populations may impact observed delirium rates, we believe it would be advantageous for future studies to incorporate systematic, frequent and consistent delirium assessments."
4.
Abstract, conclusions, page 3. The development of "more robust models" may not be possible because of the limitations of predictive models especially in complex heterogenous patient populations and the need for such models to be pragmatic to be useful (see later). Response: While the authors agree that predictive models could be limited due to complex heterogenous patient populations, future models may improve with the outlined recommendations in this review. Models should first be predictive then be pragmatic.
5.
Strengths and limitations, page 3. I do not think that the lack of inclusion of predictive risk factors is a limitation -this was not the focus of the review. Response: We have removed this as a limitation. 6.
Introduction, page 4, last paragraph. It is stated that the aim was to "provide important recommendations on study design for future models". However, if this aim is to be achieved, thought needs to be given regarding generalizability and how models will be used/applied in practice (see later). These factors should therefore be assessed when reviewing available models.
Response: We appreciate this comment and have interweaved narrow versus broad validation, as defined by TRIPOD guidelines, as well as clinical utility, throughout the manuscript. We have also included recommendations for future studies to report on clinical utility and how models can be incorporated into practice. Clinical Utility Results "Pg18: Clinical utility of a prediction model may be evaluated through several different statistical metrics including odds ratios, relative risk, sensitivity and specificity, receiver operator curves, R squared and integrated discrimination improvement indices as well as the clinical utility curve statistic.11 Six externally validated delirium prediction model studies reported odds ratios or relative risk statistics evaluating the highest risk stratification point.18-20 28 39 40 Seven studies reported sensitivity and specificity21 37 38 40-43 and one study reported the rate of true positives and false positives. 44 None of the identified studies reported decision curse analysis or clinical utility curve analysis. While the majority of studies selected variables that were either routinely used in practice or were feasible to administer, two studies developed delirium prediction models based on data routinely entered into the electronic health record to increase feasibility of use.25 44 Pendlebury et al. (2016) adapted variable definition and use to match routine clinical assessment while externally validating four delirium prediction models. 43 Moerman et al. reported feasibility and reliability statistics following the incorporation of the risk prediction tool into practice.41" Clinical utility is further mentioned in the discussion section regarding feasible cognitive tests (pg. 21) Discussion Pg23: "Further exploration into isolated cognitive tests that are feasible to administer in a clinical setting as well as sensitive to the spectrum of cognitive impairment may enhance delirium prediction." And is discussed in a stand-alone paragraph in the discussion section: Discussion "Pg23 The clinical utility of a prediction model is dependent on both its efficacy at predicting those at risk and feasibility hence both must be considered when building and validating a model. Clinical utility is compromised by efficacious models that are not feasible. Conversely, a feasible model that is not effective at identifying those at risk also lacks clinical utility. To this end, model derivation must focus on building an effective model. The next aspect that must be considered is the ability to enhance clinical care. Predicting individuals at high risk is clearly important, but to an experienced clinician, delirium may already be anticipated. Maximum value may be obtained by aiding in prediction of moderate risk patients, where the risk of delirium may be more ambiguous." And on pg.25 Discussion …"adhere to strict guidelines as outlined by The TRIPOD Statement for statistical performance reporting including calibration and clinical utility…" 7.
Methods, page 5. The terms used in the literature search seem relatively narrow. It would be usual to use MESH headings and exploded terms. This should be clarified. Response: MESH terms were referenced during the creation of the keyword terms for this systematic review. MESH terms for delirium were not added to the PubMed database until 2017. At the time of list development, in 2015, the available MESH terms would not have significantly contributed to the already large and broad keyword list. 8.
Methods, page 6. It is not clear why the authors chose the Newcastle Ottawa criteria for assessing quality of studies (see also Results). The TRIPOD guidance was specifically developed to aid the development and also the critical appraisal of risk score studies and should be the basis of assessment of study quality. Response: The Newcastle Ottawa scale was chosen as most included studies are prospective cohort studies. Per your suggestion, we did contact the TRIPOD authors for guidance and as a result applied the CHARMS checklist for risk of bias. The text is updated on pg 6 & 7 with the following text. A figure was added as well. Pg6: Risk of bias was assessed through the CHARMS checklist.24 Pg7: Risk of bias was assessed using the CHARMS checklist24 and results are shown in Figure 2 . 9.
Methods, statistics, page 6. There are other aspects that govern clinical utility of a model. For example, a risk score may have moderate AUC and yet may work well as a rule out test if patients with scores below a certain cut-off are highly unlikely to get the condition. Utility also depends on the consequences of missing individuals at high risk ie those not identified correctly by the score. For example, missing individuals who go on to have a stroke or cancer is arguable worse than missing those who develop delirium in whom identification of a high risk group may be helpful in targeting care. Response: We agree that clinical utility is difficult to address largely due to the unavailability of objective evaluation tools and the dearth of delirium prediction models currently incorporated into practice and/or the lack of published data showing their incorporation into practice. From our perspective, the main value of a prediction score would be enhanced decision making in those patients were delirium occurrence is not readily anticipated. As an example, an adult with a large traumatic accident requiring emergent surgery and is admitted to the ICU on mechanical ventilation has a high likelihood of becoming delirious versus an older adult approximately 65-75 years of age with deficits in executive function and an underlying infectious process. This older adult would be missed by current models because he/she is not cognitively impaired to the level of dementia and is not old enough as scored by existing delirium prediction models (>80). While we agree that missing a stroke or cancer is not desirable, we are focused on delirium prevention. In order to prevent delirium in those that may be at risk, but do not have the well-established risk factors, such as dementia, it is important to stratify individuals appropriately. To address clinical utility, we have interweaved clinical utility throughout the review and new language is written, please refer to our previous response, found on pg8, comment #6. Clinical utility metrics have been added to Table 2. 10.
Results, page 7. The methods of assessing study quality should be revised. The Newcastle Ottawa criteria would not appear correct for comparing studies of risk scores (see earlier point and also Collins and Moons; Comparing risk prediction models. BMJ 2012;344:e3186 and BMJ 2012;344:e3318). The TRIPOD guidance states the importance of the use of a representative sample and whether all consecutive participants have been included since this will determine the generalizability and interpretation of the findings. Some studies (a minority) use a consecutive prospective cohort whereas others use a selected or convenience sample. The case-mix details should therefore be included in the table of included studies and discussed in the text along with other methodological differences of relevance (see later).
Response: The CHARMS checklist for Risk of Bias is incorporated into this review, reference Figure  2 . Sampling method was recorded and is shown in Table 1 . Text is also inserted on page 7. Results Pg 7: "Nineteen studies used consecutive sampling methods,16-22 27 33 34 36 39-46 two of these were part of a randomized control trial.39 41 
11.
Results, page 10. In relation to the delirium ascertainment, some studies used the managing clinician/team whereas others used external researchers who were not otherwise involved with the patients and others used nursing staff who would have been changing several times a day. Given that observation over time is helpful in diagnosing delirium, lack of continuity is likely more of an issue than the type (and frequency) of assessment and these issues should be discussed. Response: We agree with the reviewer that observation over time is helpful as well as the employment of professionally trained, consistent study staff to assess for delirium in research. From our perspective the frequency of assessment contributes and bolsters the observations made over time and contributes to continuity due to the acute and fluctuating nature of delirium. We have addressed the concerns of consistency in the discussion section on page 19 (below). Discussion Pg 19-20: "Lastly, assessment of the outcome variable, delirium, was largely non-systematic, once daily, and avoided weekends. In the studies that assessed delirium more than once per day, the assessment was performed by routine clinical staff, decreasing consistency. This is a major limitation for an acute condition that fluctuates, may occur suddenly and is dependent on precise, objective assessment. While case-mix between populations may impact observed delirium rates, we believe it would be advantageous for future studies to incorporate systematic, frequent and consistent delirium assessments." 12.
Results, page 11, top of page. The TRIPOD guidance concerning prognostic models states that there is no accepted power calculation for risk scores although it is suggested that 10 events per candidate variable would be reasonable. This therefore needs clarification here. Response: The TRIPOD Statement was developed as a recommendation and guide for reporting of research focused on developing or validating prediction models (pg 59 of TRIPOD Statement). While TRIPOD does state that 10 events per variable would be reasonable, the authors of TRIPOD state do not prescribe on how to develop or validate a prediction model. The authors of this review have referred to the CHARMS checklist for guidance on events per variable as it is designed to assist authors in the critical appraisal of prediction modeling studies. CHARMS details and further substantiates event per variable requirements by outlining sample size considerations and effects of insufficient events per variable on model development and validation. 13.
Results, page 11, variables. It would be useful to briefly list the cognitive tests used in each score (or point the reader to table 2). Response: Reader has been pointed to Table 2 . This text is inserted on page 12. 14.
Results, page 11, variables. The availability of variables at the point of use of the score should be examined. Some scores are derived using variables that would not be available in routine clinical practice or at the point when the score would need to be calculated to inform care. Reponse: We discuss the limitations of available data and issues with defining them in detail before delirium diagnosis in discussion section, on page 20. Further, this was addressed in the CHARMS Risk of Bias assessment, Figure 2 . 15.
Results, page 11 and 15. List of externally validated models and predictive ability. The delirium susceptibility score should be included as an externally validated score as stated in the original publication (ref 48) , (also in Table 2 and Fig 3) . The score was developed from risk factors reported in the systematic review of the literature in the UK NICE guidelines and was not developed or modified/weighted on the basis of the validation cohort on which it was (externally) validated. The AUC for incident delirium was 0.81 (0.70-0.92). This score uses the same definition of cognitive impairment and of functional impairment as ref 32 (page 11) . Response: The referred to study has been added as the fourteenth externally validated delirium prediction model. It is added to Table 2 and Figure 4 (was figure 3) . 16 .
Results, page 11/12. External validation. The authors should include a section on the methodology of external validation and distinguish between those studies where validation was done within the same institution ie a validation cohort is collected after the development cohort (temporal or narrow validation), and true external validation (broad or geographic validation) where a score is tested in a different institution (which is rarely done even though this is the most robust form of validation). This informs the generalizability of the score and also the interpretation of the validation AUC since this would be expected to be higher where validation occurs within cohorts collected in the same way in the same institution. Also, operationalisation of variables should be considered (see ref 32) -retaining predictive value despite modification of variable definition suggests that the variable is a powerful predictor. Response: A section on type of external validation has been added to the results section on page 11 and the text is below. This information is also added into Table 2 . Results Pg 11: "Per TRIPOD reporting guidelines, validation studies were categorized into type; narrow validation refers to the same investigators subsequently collecting an additional patient cohort, following the development cohort, and broad validation refers to a validation cohort sampled from a different hospital or country.8-10 As interpretation of validation studies is dependent on case-mix,47 it is important to note that eight of the fourteen externally validated models are categorized as narrow validations.18-21 28 38 41 42 Further information is outlined in Table 2 ." 17.
Results. There needs to be a section added on the feasibility/applicability of scores in clinical practice. This is one of the most important factors in the clinical utility of a prognostic score (see TRIPOD). However good the AUC for a given score, it will not be used if it involves lengthy complex assessments or items not easily available in routine practice eg complex functional assessment measures. In addition, if scores are to be used routinely, they must use commonly used assessments eg the AMTS for cognition and not require the user to do a "special" non-standard test. This is particularly important if scores are to be used in non-specialist areas or at first assessment (these issues were extensively considered in ref 48) . Response: A section on clinical utility has been added to the results section and discussion section as discussed and outlined previously. We agree that the feasibility/applicability of scores in clinical practice is one of the most important factors. However, as mentioned previously, we are limited by the lack of objective assessment measures to apply in evaluating whether a model is clinical feasible or applicable. We do state in the discussion the importance of using variables that are feasible "pg 22…simple cognitive tests as employed by Fong et al. (2015), as a variable may increase the detection and prevalence of cognitive impairment as a variable thus increasing its predictive power. Further exploration into isolated cognitive tests that are feasible to administer in a clinical setting as well as sensitive to the spectrum of cognitive impairment may enhance delirium prediction." And have added the following recommendation in the "Implications and Future Research" Section: Discussion: Pg:25"(3) should consider inclusion of variables and assessments that are readily available in clinical practice and are feasible to administer without extensive training or interpretation," 18.
Discussion, I am not convinced that the lack of multiple daily assessment is the reason for suboptimal model performance This has not been substantiated by the data as presented ie poorer performance in models where assessment was less frequent. As stated earlier, case-mix and heterogeneity within the delirium population will be more important factors as well as overfitting of models etc. Response: We disagree with the reviewer on this point. We believe that the lack of multiple daily assessments does impact model performance. As one of the core features of delirium is an acute presentation with a fluctuating nature, frequent assessment is important. This comment spurred us to investigate as a proof of concept whether model performance, measured by AUROC, was different dependent on the frequency of delirium assessment. We found a significant statistical difference in model performance (anova, p=0.006), between those models that assessed delirium 2xday and those that assessed delirium 1xday (post-hoc, p=0.01). Studies were included if they were externally validated and published their AUROC.
We did reorder our first paragraph of the discussion section. Our perspective is that the frequency of delirium assessment does influence model performance, as shown in our analysis, and it would be best practice moving forward for future studies to adopt an approach of assessing delirium twice daily. However, to respect this reviewers concern, we have moved the limitation of delirium assessment to the third addressed limitation, and moved overall study design and reporting as our first, and main, limitation. DISCUSSION "Pg19: This review identified moderate predictive ability (AUROC 0.52-0.94) in fourteen externally validated delirium prediction models with eight out of fourteen models using narrow validation. However, three main limitations were identified. First, study design, application, and reporting of statistical methods appear inadequate. Data collection overlapped with the initial diagnosis of delirium in the highest performing model as well as in two other included studies, likely exaggerating model performance. 24 38 42 48 Low EPV combined with limited application of internal validation techniques contributed to an increased risk of bias and likely the creation of overly optimistic models.8-10 24 Second, broad variable definitions, particularly in functional and cognitive abilities, may have led to overlapping data capture. For example, demonstrated this possible effect in the development of the Susceptibility Score, model performance did not improve with the addition of functional impairment to a model that already included cognitive impairment and age. 40 Lastly, assessment of the outcome variable, delirium, was largely non-systematic, once daily, and avoided weekends. In the studies that assessed delirium more than once per day, the assessment was performed by routine clinical staff, decreasing consistency. This is a major limitation for an acute condition that fluctuates, may occur suddenly and is dependent on precise, objective assessment. While case-mix between populations may impact observed delirium rates, we believe it would be advantageous for future studies to incorporate systematic, frequent and consistent delirium assessments."
19.
Discussion, page 17. Given that the delirium susceptibility score (ref 48 ) is externally validated, there are therefore six scores with moderate predictive ability (see earlier points).
Response: This has been corrected and ref 48 is included as externally validated.
20.
Discussion, page 17. The authors are correct to point out the issues re variable definition. However, they should note the above point regarding the importance of variable robustness to adaptation and also the need for variables to be available at the point of score use and easy to use (see earlier). As they note, it is possible to compare models when this is done within the same population (ref 32) . However, the authors should justify their suggestion that generalisability of the results from such studies to subsequent similar populations is unclear: broad external validations of existing scores in which the model variables are operationalised/adapted and then tested in an external dataset are much more likely to be generalizable than those from narrow validations. I am not sure that keeping the same variables in a score but adapting them equates to redevelopment rather than validation. Response: The variable definition point was refined further to highlight the potential for overlapping data collection and the mention of redevelopment rather than validation was removed since it was no longer a pertinent point. Broad validation studies were included as a recommendation for future research.
21.
Discussion, page 17. The limitations of prognostic models are not generally statistical (other than from small sample size) but more to do with case-mix issues and feasibility as well as the clinical heterogeneity of the condition being detected. In discussions re the AUC, the earlier points should be noted with respect to the robustness or otherwise of external validation therefore models that have high AUC in broad external validations (ie from cohorts from other institutions or where the model is derived using externally determined risk factors) carry more weight than similar AUC obtained using narrow validation (ie from the same institution). Response: The authors agree with the reviewer that the AUC is not the sole metric for model evaluation and narrow versus broad validation was incorporated into the methods and discussion sections. Nonetheless, calibration statistics are needed to fully evaluate the fit of the model in the new validation population. TRIPOD and CHARMS both report the importance of this metric. Of the seven models that did broad evaluation, only two of these studies reported calibration statistics. We do not feel we can give more weight to AUROC resulting from broad validations without calibration metrics to further substantiate their fit.
22.
Discussion, page 19. Re the generalizability issues, this section should be expanded in line with the above points (consecutive cohort vs selected sample, broad vs narrow external validation, use of easily obtained simple variables etc).
Response: We have incorporated the importance of narrow vs broad, clinical utility, easily obtained simple variables throughout the results and discussion section. On page 23, these concepts have been highlighted. Please refer to this document: Pg3-4, item number 11 -under Reviewer #1 to read the updated paragraphs. 23.
Discussion, page 19/20. The authors are correct to highlight the problems in determining whether functional impairment reflects cognitive or physical impairments or both. Of note this was examined ref 48 in which the addition of functional impairment to the model in addition to cognitive impairment did not improve the score performance. This study also showed that removal of the age criterion did not reduce score performance in line with the authors comments on the lack of additional predictive value of age. Response: This is a great point and has been incorporated and referenced in the discussion section. Methods, page 5. The American date format has been used which is confusing to European readers. Response: We have applied the BMJ, international date format. We changed to 1 January 1990 and 31 December 2016. Reviewer #4, Dr. Richard Jones This is an excellent manuscript that is already valuable to me and my research. I can't wait to cite it. It is a wonderfully complete systematic review, for which it can serve as an exemplar. The content area and detailed and thoughtful discussion are highly relevant to delirium researchers. Response: Thank you for your compliments and enthusiasm for our systematic review. We hope this can serve as an exemplar and inform future delirium research.
1.
There does not seem to be a need to separate clinically significant from non-clinically significant prediction models based on an arbitrary AUROC of 0.75 cut off. The value of any cutoff is dubious. Whether or not a prediction model is clinically significant may be more directly informed by whether or not the prediction model included commonly clinically available predictors. This is a minor point. Response:
The authors appreciate this point and the arbitrary cut-off has been removed. 2.
In the discussion, penalized regression models and machine learning models are discussed as potential avenues for addressing methodological limitations of existing approaches, but the presentation is separate. These sections might be blended to provide a discussion of likely improvements in a single location within the document. Response: The implications and future research has been re-structured to include a more congruent discussion on potential areas for improvement. Please refer to this document: Pg3-4, item number 11 -under Reviewer #1 to read the updated paragraphs.
Response: This is a valued question and the authors have re-evaluated both studies. The Newcastle Ottawa quality scores are different for the two Pendlebury studies because the criteria for comparability are the following: "Comparability of cohorts on the basis of the design or analysis: a)
Study controls for ___ (select the most important factor) * b)
Study controls for any additional factor (this cirteria could be modified to indicate specific control for a second important factor)*"
In one study, the models were stratified by age, but odds ratios or models were not adjusted for covariates and baseline factors. In the second study, the models were adjusted for age and models were weighted for each included factor. We have adjusted the NOS score for the second study from 8 to 9 for this reason. On page 7, the number of studies receiving a maximum of nine stars was changed from five to six "The average NOS quality ranking for included cohort studies was seven; six studies received the maximum of nine stars."
4. For the Pendlebury study ref 50, this should be listed in the table as "Val" rather than "Dev" as it is a validation study .
Response: This is corrected.
Results. Ref 50
should be added to the list of models whose variable selection was made using variables based on a literature review.
Response: This is corrected on pg 12.
6. Results, Variables, Functional Impairment. In studies 34 and 50, functional impairment was defined as needing a care package (professional carers at home) or residence in a care home since these details were easily ascertained on admission -it would be good to add this to the text here.
Response: The authors appreciate this feedback and it has been added to the paragraph on page 12. The updated paragraph is below: "Functional impairment was defined as follows: (1) needing assistance with any basic ADL,27 (1) domestic help, help with meals or physical care41 and (2) residence in nursing facility or at home with caregivers33, (2) requiring a home care package with professional caregivers or residence in a care home.33 49 The latter being obtained upon admission from medical records.33 49 Two studies used validated functional assessment tools (iADL and Barthel Index) and evaluated functional status two weeks prior to hospitalization. 23 
